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INTRODUCTION

Although magnesium has long been recognised as a
necessary element for plant growth, it has been only within
the last twenty or thirty years that any attention has been
given to a deficiency of this element.

Previously magnesium

deficiency either did not exist or its symptoms were not
recognized in the field.

In all probability a deficiency

of the element did not exist previous to this time for two
reasons.
‘

First, the amount of magnesium used by plants is

(

'

;

*

a

small, and, therefore, the drain upon the soil is not
excessive.

Secondly, the amount of this element formerly

supplied as an incidental constituent was generally
sufficient to take care of most crop withdrawals.

Organlo

ammonlates whloh formerly supplied a tenth of all the mag*
nesium In commercial fertilizers are now largely used In
feeding stuffs where they command a higher price.

The

greatest loss of magnesium as an incidental constituent in
fertilizers has been the use of refined potassium salts as
a source of potassium in mixed fertilizers.

Unrefined

potassium salts suoh as kainlte and manure salts, which
were once widely used, contained relatively large amounts
of magnesium.
Few studies have been made of the effeots of magnesium
deficiency upon the ohloroplaat pigments.

Some of the

recent studies have been concerned with the influence of
the potassium ion upon magnesium deficiency and the amount
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of magnesium In the leaves of certain plants, but no one has
studied the influence of other cations In the same periodic
group with potassium.

Only one study has been made of the

effects of order of plant development In relation to mag*
nesium deficiency.
The purpose of the present investigation was to study
the effeots of magnesium defloienoy on the ohloroplast
pigments, to determine the lnfluenoe of the alkali oatlons
on magnesium absorption, and to study the relationship
between the order of plant development of certain plants
and the degree to which they are affected by magnesium
defloienoy.

I*
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REVIEW OF LITERATURE
Mo oomplete review wa» made of the.literature dealing
with all phases of magnesium deficiency.

Papers were re¬

viewed on the three phases of the problem which were
seleoted for study and a few whioh were of general interest.
Magnesium Deficiency Symptoms of Some Common Crops
Although magnesium deficiency has been reported to
ooour on soils both high and low in exchangeable oalolum,
Boynton (4) reports that for apples it generally is found on
soils low in exchangeable calcium and also low in total
exchange oapaolty.

Apparently the symptoms of deficiency

in apple leaves are somewhat different from those in other
plants.

Boynton describes them as follows:

"The first visible evidence of magnesium
deflolenoy in apple trees is a fading between the
large veins of the older leaves on some shoots or
spurs. The faded areas may turn very pale yellow
and remain so for some time, or they may sooroh
rapidly; in either oase, neorotic brown 'blotches’
develop from them. Some of the dead areas between
veins may remain as separate islands surrounded by
green tissue, but many of them tend to ooalesoe ae
they grow in else, and where they grow together at
the leaf margin may produce a marginal leaf scorch
indistinguishable from that resulting from
potassium deficiency in its later stages."
£

These symptoms usually developed in late summer after
all vegetative growth has stopped and flower initiation has
gone on for some time.
Jones (20) has reported magnesium deficiency in corn
grown on a sandy loam soil underlaid by a gravelly fine sand
at the Massachusetts Agricultural Experiment Station.

He
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described the symptoms as a striping of the leaf due to loss
of green oolor between parallel veins.

These symptoms

appeared early in the season, usually about two weeks after
emergence.

As the season progressed the light green oolor

of the inter-vascular tissue continued to fade until all
green oolor was lost from the leaf.

At about this time the

leaf ceased to function as a part of the living plant.
In discussing magnesium deficiency in tobacco, MoKurtrey
(26,27) states that symptoms rarely appear in the field
until the plants have obtained considerable size.

This

delay mitigates against affecting leaf size to any consider¬
able extent.

The lower leaves first lose their normal green

oolor, starting at the tip and side and working back toward
the oenter and basal parts.

Leaves higher up on the plant

become affeoted only after those lower down have become
severely affected.

The parts of the leaf where the ohloro-

phyll has been destroyed beoome pale green at first and
later may fade to almost white.

Apparently not only is the

ohlorophyll affected, but the yellow pigments as well.
darner and associates (16).were the first to report
magnesium deficiency In tobaooo.

Since the disease occurred

frequently in sandy areas in fields it was given the name
" sand drown11.

Magnesium deficiency is now so common In

tobacco grown in the Connecticut Valley and the Atlantic
Coastal Plains soils that fertiliser intended for use on
this crop in these areas normally carries two per cent of
soluble magnesium.

5

The potato is another crop in which magnesium
deficiency is widespread.

According to Jones and Brown (19)

symptoms of magnesium deficiency in this plant have been
observed in all the potato districts of the Atlantic Coastal
Plain and as far north as Maine.

They described the symptoms

as follows:
"The foliage of affeoted plants is lighter
In color than normal. The lower leaves are the
first to become affected, since some of their magnesium is withdrawn to be used over again by the
new growth. In mild cases only the lower leaves
of the plants show symptoms, while the new growth
appears healthy. Loss of green color begins at
the tips and margins of the lowermost leaves and
progresses between the veins toward the center of
the leaflets. In advanoed states of deficiency
the central portion of the individual leaflets
becomes ohlorotlo between the veins and eventually
is filled with small brown dead areas. Break¬
down of the tissue, like loss of color, usually
starts at the tip and the terminal leaflet is
generally the one most severely affeoted. The
lower leaves of magnesium-deficient plants are
brittle, which serves to distinguish them from
leaves yellowing naturally through age."
The onset of symptoms can be correlated with rainfall.
They usually appear soon after periods of rainy weather.
The leaves of deficient plants were found to be very low in
magnesium and calcium, but very high in nitrogen.

When

leaves age normally they have a high calcium and magnesium
content and low nitrogen content.
Cooper (9) describes magnesium deficiency in cotton
as follows:
"The characteristic magneslum-deflolenoy symp¬
tom In cotton is a purplish-red leaf with green
veins. Late in the season it is sometimes diffi¬
cult to distinguish between the color due to mag¬
nesium deficiency and that due to age or maturity,
though the latter is apt to be orange rather than
purplish red."

6

Apparently cotton differs from most other plants in that
anthooyanln is produced In the leaf following breakdown of
the ohloroplast pigments.

Anthocyanln is universally

correlated with an excess of simple sugars.

Zt would seem

possible that a laok of magnesium might prevent transloca¬
tion of carbohydrates out of the leaf.

Since magnesium is

a carrier of phosphorus, a deficiency of the former might
depress the intake of the latter.

Phosphorus in turn le

known to be necessary for translocation of sugars.

In fact

the purplish oolor due to anthocyanin is normally a symptom
of phosphorus deficiency in many plants.
Magnesium defiolenoy is a major problem in all soils
in Florida used for citrus (7).

Symptoms consist of irregu¬

lar yellow blotohee which start along the midrib of leaves
adjacent to the fruit.

These eventually coalesce to form

an Irregular band along both sides of the midrib which grad¬
ually enlarges to oover the entire leaf.
leaf is dropped from the tree.

At this stage the

Symptoms may ocour at any

time during the season, but usually they ooeur in late
summer or early fall.
According to Skinner (30) magnesium deficiency in
truok-orops le extensive and widespread in the Atlantic and
Gulf Coastal soils.

These soils are naturally low in

fertility due to their sandy nature.

Excessive leaching

under cropping conditions have tended to remove what little
magnesium these soils may have had.

Furthermore, the ex¬

tensive use of high nitrogen containing fertilisers has

4.

?

greatly mobilised the eoll magnesium.

Symptoms In vegetable

crops are similar to those of other orops.

In tomatoes the

lower leaflets are brittle and there is a loss of chlorophyll
between the veins.

Deficiency in cabbage is manifested by

chlorosis of the lower leaves plus a sort of mottled, pucker¬
ed appearance.

Turnips develop a brown area around the leaf

rim which dries up and falls out, while the Interior part
of the leaf is chlorotic and mottled.
Prom the foregoing review it is evident that magnesium
deficiency symptoms follow a general pattern in most plants.
The lower leaves are first affected.

This is because mag¬

nesium is being withdrawn from them to satisfy nutritional
•

i

*

•

i

\

*

requirements at points of growth.

.

.

*

v

'
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In more advanced stages

chlorosis moves up the plant toward the raerlstem which is
rarely affected.
Magnesium deficiency may be expected to occur on
light, sandy soils that are very aoidic in nature.

The use

of acid forming fertilizers on any soil greatly increases
magnesium losses by leaching.
Effect of Magnesium on Chloroolast Pigments
Since the classical researches of Wlllstiter and Stoll
,
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(37) have shown that magnesium is the only metallic coni
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stltuent in the chlorophyll molecule, it is reasonable to
expect that a lack of it would lead to leas chlorophyll
production.

That the amount of chlorophyll is proportional

to the amount of magnesium in the nutrient medium has been
shown to be true by Mamell (23).

In studying the effect of
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magnesium on the development of chlorophyll in algae, com,
sunflower and buckwheat, she found the amount of coloring
matter extracted was in direct proportion to the magnesium
content of the culture solution.
Wllletlter and Stoll extracted chlorophyll from a wide
variety of plants and always found its magnesium content to
be 2.7 per cent.

Javillier and Goudchaux (18) extracted

chlorophyll from twenty-two widely varying species of plant
leaves and determined the amount of magnesium contained in
the extract.

They found the amount of magnesium contained

by the chlorophyll varied from 0.01 to 0.03 per cent of the
dry leaf weight.

In nine of these species they determined

total leaf magnesium and oalculated the chlorophyllcontained magnesium as a percentage of the total magnesium.
Although their figures varied from 0.8 to 26 per oent, a
majority of them fell within the range of 3 to 12 per oent.
Most of the variation was due to wide differences in the
total leaf magnesium rather than to variations in the
chlorophyll-contained magnesium.
Michael (24) studied the effects of magnesium deficiency
In sand and water cultures on chlorophyll synthesis in oats,
beans, and corn.

He found that chlorophyll formation was

greatly reduced in cultures in which magnesium was left out.
The amount of chlorophyll-bound magnesium in proportion to
the total magnesium was small, rising in only a few oases
to as much as 20 to 30 per oent.

In the case of visible

magnesium deficiency the ohlorophyll-bound magnesium did not
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Increase, but in many oases aetually decreased.

He suggests

the possibility of characterising the degree of deficiency
by the ratio of chlorophyll-bound to total magnesium.
Magnesium deficiency not only caused a decrease in
chlorophyll, but also lowered the carotene and xanthophyll
content of bean leaves.

The protein eontent of the magnesium

deficient leaves was also reduced.

It was assumed that mag¬

nesium deficiency caused a derangement of the carbohydrate
and protein economy of the plant and that injury to the
chloroplasts was a result of this condition.
It is evident that magnesium must play some role In
plant economy other than chlorophyll synthesis since, as we
have seen from the results given above, the chlorophyllbound magnesium always constitutes less than one-quarter,
and in most oases, less than one-seventh of the total leaf
magnesium.
phosphorus.

It is believed that it acts as a carrier of
Truog and associates (32) have recently thrown

additional light on this idea.

In peas which were ferti¬

lised either with dolomltlc limestone or magnesium sulfate
the seeds showed an increase not only in magnesium but in
phosphorus as well.

In fact, increasing the available

magnesium in the soil increased the phosphorus content in
the pea seeds more than the addition of phosphate
fertilizers.
Work by Emerson (13) and Fleischer (14) indicates
that magnesium plays a specific role in photosynthesis.
Emerson was able to control the chlorophyll content of the

unicellular alga Chipraila by varying the Iron eontent of
the culture medium.

He was able to show that there is a

positive straight line relation between the rate of photo*
synthesis and chlorophyll concentration.

Plelsoher repeated

Emerson's experiment and fully confirmed his results.

In

addition, he extended the methods of controlling ohlorophyll
concentration to varying nitrogen and magnesium.

The

results for nitrogen experiments were very much like those
in which iron was varied, but when magnesium was varied, the
rate of photosynthesis was oheoked long before ohlorophyll
formation was affeoted.

He oonoluded from these results

that magnesium plays a role in photosynthesis in addition
to the formation of ohlorophyll.
Kennedy (21) also studied the effeot of magnesium
deficiency on photosynthesis in Qhlorella cells and confirm¬
ed Plelsoher's results; namely, that a rise in ohlorophyll
concentration due to more magnesium in the nutrient medium
does not cause a corresponding rise in the rate of photo¬
synthesis suoh as would oocur if ohlorophyll concentrations
were varied by other means.

However, when flashing light

was used to illuminate the cells and the length of the dafk
period was varied, photosynthesis per flash per gram of
chlorophyll was Immensely augmented by increasing the length
of the dark period in case of cells rendered chlorotic by
growth in magnesium deficient media.

No corresponding In¬

crease was noted In the case of ohlorotlo cells due to iron
deficiency or in cells grown in full nutrient solution*
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Therefore, it was concluded that magnesium is Involved in the
so-called Blackman reaction*
A few studies have been made of the ratio of the chloroplast pigments in chlorotic and non-ohlorotio leaves*

Will-

stdter and Stoll observed that the ratio of the green to
yellow pigments in green leaves was remarkably oonstant*
Oserkowaky (28) studied the ratio of the pigments in chloro¬
tic and non-chlorotlo pear leaves.

Chlorosis in this case

was due to growth of the pear trees in highly oalcareous
soil which induced iron deficiency.

Normal leaves were

taken from trees which had been sprayed with soluble iron
salts.

He did not separate carotene from xanthophyll but

determined them together as a unit.

He states that the co¬

efficient of correlation between ohlorophyll and yellow
pigments for thirty-one samples of ohlorotlo and normal
leaves was 0.934.

The ratio of chlorophyll to yellow pig¬

ments was higher in the non-ohlorotio leaves than in the
ohlorotlo ones.

For example, in eight samples whloh he

described as *severely ohlorotlo" it averaged 1.8; in nine
“moderately chlorotic" samples it was 2.7; and in five
samples of "green leaves from treated trees" it was 5.1.
The smaller ratio for the chlorotic leaves indicates a much
greater deterioration of ohlorophyll than of yellow pigments.
Mackinney (25) grew barley seedlings in nutrient solu¬
tions deficient in iron.

His results indicated that there

is a close relation between ohlorophyll and the carotlnoids,
but that the carotene to xanthophyll ratio was markedly

12

lower In ehlorotie leaves.

No one seems to have made a study

of the ratio of the three pigments when affected by mag¬
nesium deficiency.
Holmes and Crowley (17) and Holmes, Crowley and
Kuzraeskl (16) determined carotene in Boston head lettuce and
kale which were grown in field plots treated with lime and
magnesium and magnesium alone.

No consistent differences in

the carotene content of either crop was found that oould be
attributed to the magnesium treatment.

In the case of

lettuoe, this may have been due to the failure to include
the outside leaves.
Brown (6) and others grew Swiss chard in the greenhouse
with nutrient solutions in which various elements were left
out.

Significantly lower carotene content of the chard was

obtained from plants receiving insufficient nitrogen, mag¬
nesium and iron.

On the other hand, caloium, manganese,

potassium and phosphorus had no significant effect on the
carotene content.
Wynd (38) studied the relation of the ohemioal proper¬
ties of the upper eight inches of soil in an area near
Midland, Kansas to the carotene content of immature oat
leaves.

He found the percentage of nitrogen, the base ex¬

change capacity, and the amount of replaceable calcium and
magnesium affected the amount of carotene in the leaves.
Replaceable potassium and weak acid-soluble phosphorus had
no effect.
A summary of these papers reveals the following points:
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(a) the ohlorophyll-bound magnesium represents a small part
of the total leaf magnesium, being within the range of
3 to 15 per oent, (b) magnesium plays a speoiflo role in
photosynthesis and is probably involved in the Blackman
reaction, (o) nitrogen, magnesium, iron and possibly calcium may influence the carotene content of leaves; but
potassium, phosphorus and manganese do not, (d) nothing is
known oonoemlng the effects of magnesium deficiency on the
ratio of the ohloroplast pigments, and (e) the number of
studies whloh have been made concerning the effects of
magnesium on the yellow pigments are so few and with so few
different plants that additional studies are needed.
Effect of Alkali Cations on Intake of Magnesium
A review of the literature on the effect of alkali
cations on the Intake of magnesium by plants indicates few
studies have been made, except on the influence of the
potassium ion.
There are a considerable number of reports on the influenoe of potassium because fertilization of aold, sandy
soils with this element has led in many oases to magnesium
deflcienoy.
Wallace (36) made a study of magnesium deficiency in
apples, ourr&nts, gooseberries and plums in England.
Potassium deficiency was never accompanied by magnesium
deficiency, but the latter frequently appeared upon the
correction of the former.

He states that liberal use of

potassium fertilizer may be followed by magnesium deficiency
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and that there is little doubt that magnesium requirements
are Increased by use of potassium.

It seems that the latter

part of this statement may not necessarily be true.
Potassium probably does not increase the need of the plant
for more magnesium, but rather prevents Its intake in suffi¬
cient amounts.
Kidson, Askew and Chittenden (22) studied magnesium
deficiency in apples in New Zealand.

They found premature

defoliation on trees grown on soil which had received
liberal amounts of potassium.

Apple leaves from these trees

had an abnormally high potassium content and a very low mag¬
nesium content.

They concluded that the use of high appli¬

cations of potassium on acid, sandy soils may lead to re¬
duced intake of magnesium due to an unfavorable potassiummagnesium ratio in the soli.
Southwlek (31) reports analysis of apple leaves show¬
ing different degrees of leaf sooroh and found a correlation
In the degree of scorch and the magnesium and potassium
contents of the leaf.

The data suggests that use of

potassium fertilizers Increased the probability of magnesium
deficiency.

The critical magnesium level in the leaves for

the four varieties tested was 0.25 per cent.

However, when

the potassium level was high, even this amount did not
prevent scorch.

He suggests that in commercial orchards

potassium should be left out of the fertilizer program until
the magnesium content of the soil can be built up.
Tung trees grown in Florida often developed marginal
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leaf scorch (11).

Analysis of the leaves showed that the

affeoted leaves were much lower In magnesium than normal
leaves, and that applications of potassium chloride greatly
lowered the magnesium content of the leaves and increased
the amount of scorch*
Boynton and Burrell (6) made a study of the effects
of potassium on the intake of magnesium In apple leaves in
New York state.

One of two contiguous rows of McIntosh

apples was given five annual applications of potassium sul¬
fate and the other none.

Nine of the trees in the potassium-

fertilized row developed leaf scorch while none in the row
receiving no potassium developed scorch.

These nine trees

were paired with the nine trees in the adjacent row and
samples consisting of fifty leaves from each tree were taken.
Composite soil samples consisting of eight borings per
tree also were taken.

Results indicated that potassium

fertilization caused an increase in leaf potassium and ex¬
changeable potassium of the soil, and reduced to a remark¬
able degree the leaf magnesium and the exchangeable magnes¬
ium of the soil.

There was a slight reduction in leaf

calcium and exchangeable calcium of the soil.
Wallace and associates (35) grew potatoes on plots
which during the previous fifteen years had been used for a
fertilizer test on black currants.

No fertilizer was used

in the year in which the potatoes were grown, as it was
desired to study the residual effects of previous applica¬
tions.

Leaf symptoms of potassium deficiency were noted
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where potassium had not been applied and magnesium deficiency
where it had,
Walsh and O'Bonohoe (33) found that In potatoes a high
level of potassium induced severe magnesium deficiency and
also reduoed the oalolum oontent of the foliage.

On the

other hand, the severity of potassium deficiency was positive¬
ly correlated with the exchangeable magnesium in the soil.
Similar results were found to hold true with tobaeco, but with
this crop high potassium level at low sulfur level did not
lnduee magnesium deficiency.

With sugar beets the depressing

effect on magnesium intake by potassium was not as pronounced
as with potatoes and tobacco.

With sugar beets it was also

noted that a high level of potassium reduoed phosphorus
absorption.

This effeot, however, was probably an indirect

affeet of lowered magnesium absorption, slnoe the latter has
been shown to influence the absorption of phosphorus.
Walsh and Clarke (34) made a thorough study of mag¬
nesium deflolenoy in the tomato.

The most important single

faotor affecting the absorption of magnesium was found to be
potassium.

The ratio of potassium to magnesium in the

foliage was found to be more important than the aotual
amount of these elements in determining the severity of
chlorosis.

The extent of oontrol of chlorosis by applica¬

tions of magnesium sulfate was determined by the potassium
level, slnoe potassium was found to depress the intake of
magnesium.

Chlorosis was observed at high magnesium levels

when potassium was also very high*
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From the foregoing review It seems evident that the
three cations, calcium, magnesium and potassium, mutually
Influence one another In the processes of absorption by
plants*

High potassium levels In the nutrient medium re-

duoe the Intake of magnesium and calcium, but the Intake
of magnesium to a much greater extent than that of calcium*
High magnesium levels reduce calcium Intake to some extent
and potassium Intake to a much greater extent*
Effect of Magnesium Deficiency on
Different Botanical Speclee
Elsenmenger and Xuolnskl (12) have made the Interest¬
ing observation that among seed plants those of low order
of evolutionary development suffer a great deal more from
magnesium deficiency than those of high order of develop¬
ment*

They observed the growth of a large number of plants

belonging to different families on a magnesium deficient
plot at the Massachusetts Agricultural Experiment Station.
This plot of ground was known as the North Corn Acre and
will be referred to again In this report.

Nearly all plants

belonging to low stages of development became chlorotic.
Many In an Intermediate stage of development also showed
symptoms of magnesium deficiency, but only a few plants of
high order of development ever became chlorotic.

Among

those that did become chlorotlo were a few Isolated members
that have been greatly changed by man through domestication.
Corn is a good example of such a plant*

Belonging to the

Oramlnaceae family It Is considered to be very highly
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developed, yet it developed chlorosis.
The most bothersome weeds In the eastern United States
belong to the highly developed Composites, Craminaceae and
Convolvulaceae families.

It was noted that such weeds were

as persistent in the magnesium deficient plots as in the
magnesium-treated plots, while certain other weeds, such as
purslane, wood sorrel and chlokweed, all of whloh are of
lower plant orders, did not grow where magnesium was not
added.
In tests with seventeen crops on these same plots
Beaumont and Snell (2) observed that buckwheat, spinach,
turnips, mangels, oorn and tobaoco were the most severely
affected by magnesium deficiency.

Small grains, grasses,

olover and potatoes were only slightly affeoted.

Additions

of magnesium sulfate increased the magnesium content of the
crops greatest in those in whloh the yield and appearance
were most affeoted.
Collander (8) found that oertain families of plants
have the power to selectively absorb more of some of the
cations than others.

He found that members of Chenopodia-

ceae family and buckwheat v/ere rich in magnesium while
peas, vetch and oats were relatively poor in it.
Collander1s results with the two legumes, peas and
vetch, seem to be at variance with results of other workers.
Daniel (10) found that the average magnesium content of
nineteen species of mature pasture and range grasses grown
in Oklahoma was 0.156 per cent while eight species of
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mature legumes contained on an average 0.379 per oent
magnesium.
Beeson (3) has summarized a large number of analyses
of common farm crops.

Inspection of his data shows that

the average magnesium oontent of fifteen legumes was 0.36
per oent while eight grasses averaged 0.17 per oent.
These analyses show beyond any doubt that legumes have a
greater need for magnesium than grasses.

Beeson gives the

average oontent of buokwheat and splnaoh as 0.60 and 0.53
per oent respectively, whloh Is high oompared to other
plants.

This again Indicates a considerable need for

magnesium by these plants.

20

EXPERIMENTAL PROCEDURE
History of Field Plots
Samples of plant leaves which were analysed for pig¬
ments were obtained from a plot of land known as the North
Corn Acre at the Massachusetts Agricultural Experiment
Station.

This field was first laid out In 1891 by dividing

an acre of land Into four equal plots, running In a northsouth direction.

These plots were used In a corn fertilizer

test until 1920 when the original purpose was abandoned and
an experiment was started to test the residual effects of
the previously long continued applications of potassium and
phosphorus.

Corn was again the test plant In this second

experiment which was continued until 1928.
In 1920 chlorosis of com leaves was noted for the
first time.

It Is probable that It had ooourred before

this time In mild form and had escaped detection.

The

plots had not received any lime In the preceding thirty
years, so aluminium toxicity was suspected.

Accordingly,

the north one-half of all plots was given a oross treat¬
ment of lime In 1921.

Liming did not eliminate the ohloro-

tlc condition In the leaves of succeeding crops.

Since

darner and his associates (15) had Just reported a chloro¬
sis on tobacco, called "sand drown," as being due to mag¬
nesium deficiency, it was decided to apply a oross treatment
of magnesium sulfate to a strip across the oentral part of
all plots In 1924.

h

This and later magnesium treatments

i.
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greatly reduced the amount of chlorosis and indicated it had
been due to magnesium deficiency.

The results of these ex¬

periments were reported by Jones (20).
The oross treatments of lime and magnesium provided
four new plots running perpendicular to the original four.
In 1929 a third experiment was started on these same plots
to determine the relative value of magnesium for the more
common crops and to obtain descriptions of deficiency sympi

•

i

it

toms for these crops.

The lime and magnesium oross treat¬

ments were continued, but the amounts varied from year to
year and were omitted in some years.

In 1934, when this

experiment was discontinued, seventeen varieties of orops
had been grown and observed.

These results were reported

by Beaumont and Snell (2).
From 1935 to 1947 all four plots have reoeived annual
applications of 1000 pounds per acre of a fertilizer made
from Ammo-Phos, sodium nitrate and potassium sulfate in
proportion to give a 5-8-7 analysis.

The limed plots have

received during this period annual applications of 1000
pounds per aore of magnesium-free lime.

The magnesium

treated plots have received 150 pounds of magnesium sulfate
per acre each year.

Figure 1 shows the experimental plan

and treatments during this period.
A large variety of plants have been grown on this area
during this period of thirteen years.

These have Included

trees such as peach, apple, elm, oak, willow, black locust,
maple and many others.

The list also includes flowering
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shrubs, ornamental annuals and perennials.

Vegetable crops

which have been grown lnolude tomato, potato, cabbage,
carrot, lettuce, bean, pepper, and egg plant.

The purpose

behind suoh a wide variety of plants was to observe the
differential effects of magnesium deficiency on plants of
different order of evolutionary development.
North Side
Plot D
1000 pounds of 5-8-7 fertiliser per acre
plus
1000 pounds of limestone per acre
Plot 0
1000 pounds of 5-8-7 fertiliser per aore
plus
1000 pounds of limestone per aore
plus
150 pounds of magnesium sulfate per aore
Plot B
1000 pounds of 5-8-7 fertiliser per acre
plus
160 pounds of magnesium sulfate per aore
Plot A
1000 pounds of 5-8-7 fertiliser per aore
South Side
Figure 1.

Experimental Plan and Placement of
Treatments in the North Corn Aore for
the period 1935 to 1947, inolusive.
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The study of Eisentnenger and Xucinski (12) concerning
the relation of the order of plant development to the need
of magnesium was based on observations made of plants grown
on these plots.

These plots were also used by Holmes and

Crowley (17) and Holmes, Crowley and Xuzmeskl (16) in their
study on the carotene, calcium, magnesium and phosphorus
content of Boston head lettuce and kale.
It should be noted that in the earlier studies of
Jones (20) and Beaumont and Snell (2) dealing with these
plots the same letters A, B, C, and D were used to designate
them by starting at the north side with Plot A.

In the

later reports (16, 17) they were designated by starting
with Plot ▲ at ths south side.

Thus the placements of lime

and magnesium have not changed in the twenty-seven years
during which they have been used, but the letters ussd to
designate the plots were changed.

Plot A was originally

called Plot D, Plot B was Plot 0, and so on.
Collection and Preparation of Leaf Samples
Zt was frequently impossible to collect samples for
the same species from all four of the field plots sinoe some
plants did not grow on the unllmed plots because of too
high acidity.
An attempt was made to take samples of leaves of
approximately the same age on the plant.

This was frequent¬

ly difficult due to variation in growth and in the effect
of disease which affected some plants on the different plots
more than others.

Magnesium deficient plots often produoed
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diseased plants whereas the same plant would be practically
free from disease on the magnesium treated plots.
In all oases the samples consisted of lower leaves,
since these are affected first by magnesium deficiency.
Although an attempt was made to take the samples at random
from several plants. It Is entirely possible that representa¬
tive samples were not always obtained and this may account
for some of the Inconsistencies In the data obtained.
The samples were taken from the field plots at various
times from June 6 to August 29.

As little time as possible

was allowed to elapse between the time the samples were
picked from the plant and the time the pigments were extract¬
ed.

This generally was not more than an hour.

Usually a

set of four samples was taken In the morning of one day and
all analyses finished by noon of the next.

Precaution was

taken to prevent as much loss of pigments by thermal and
light decomposition as possible.
On August 21 and again on August 29 sets of samples
were taken and placed In a deep freezer at -20°0.

The

longest time that any one sample remained frozen was approx¬
imately six months.

In order to determine If any decomposi¬

tion of pigments occurred during the time the samples
remained frozen, a quantity of sugar maple leaves and
tobacco leaves were ploked.
pieces and thoroughly mixed.

These were cut up into small
One set of samples was with¬

drawn at once and the pigments determined.

The rest were

placed In Mason fruit Jars and put in the dcsp freezer.
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Sets of samples were withdrawn at various times and analyzed.
Table 1 gives the results of these analyses.
Table 1*
Days
Stored

Effect of Deep Freeze Temperatures on
Chloroplast Pigments
Chlorophyll
mg./gm.

Xanthophyll
mg./gm.

Carotene
mg./gm.

Sugar Mapl. Leave.
6,60
0,86

0,38

30

6.38

0,82

0.36

60

6.45

Oe 81

0.36

102

6.06

0.77

0.34

180

6.06

0.83

0.38

Tobaoco Leaves
11.35
1.47

0,68

30

XX. 08

1.40

0.60

60

11.60

1.38

0.68

102

11.40

1.34

0,68

180

11.30

1.42

0.66

0

0

Tobacco and sugar maple leaves were chosen because
these two varieties of leaves represent about the extremes
which one might expeot in moisture content.

Tobacco leaves

are “ wet* leaves, containing upwards of 90 per cent moisture
when picked in the field.

On the other hand, sugar maple

leaves represent a "dry* type, usually having only about
45 to 60 per cent moisture.

It was thought that the amount

of moisture might have an effect on the keeping quality of
the leaves under deep freeze conditions.
The results showed that moisture was not a factor in
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keeping quality of the leaves and that very little decompo¬
sition of the pigments occurred for the period during whioh
they were stored.
Methods Used for Pigment Analysis
Chlorophyll was determined by the Photoeleotrio Colori¬
metric Method for Total Chlorophyll (1, pp. 140-141), using a
Zlett-Summerson Class Cell Industrial model.

Zn this

method the pigments are extracted from fresh plant material
by grinding with pure quarts sand and 86 per cent aoetone.
A Waring Blendor was used for samples high in moisture.
Chlorophyll in the extraot, after having been filtered and
made to volume, was determined by reading the amount of
light absorbed by a one centimeter column of the extract in
a photoeleotrio oolorlmeter, using light filter Mo. 64.
A calibration ourve for the Instrument was prepared by
diluting a fresh extract of Norway maple leaves with 85 per
oent aoetone, and determining the absorption of the various
dilutions.

A portion of the original acetone extraot was

transferred to diethyl ether and its chlorophyll oontent
determined by use of a Beckman Spectrophotometer.

By calcu¬

lating the concentrations of the various dilutions it was
possible to construct a calibration ourve for the Instrument.
Carotene was determined by the Barium Hydroxide
Method (1, pp. 144-145) on an aliquot of the original ace¬
tone extraot used to evaluate chlorophyll.

Zn this method

chlorophyll Is separated from the yellow pigments by
absorption on finely divided barium hydroxide which is
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removed from the acetone extract by filtration.

The yellow

pigments remaining are transferred to petroleum ether, and
xanthophylls are removed by extraotlon with 90 per oent methyl
alcohol saturated with petroleum ether.

Carotene which

remains in the petroleum ether phase is dried with anhydrous
sodium sulfate and made to volume.

Light absorption of a

one centimeter column was determined with the colorimeter,
using a light filter Ho. 44.

A calibration curve was pre¬

pared by making various dilutions of a pure betA carotene
solution of known concentration and determining their
absorptions values.

Carotene used for preparing the original

solution was purchased as chemically pure ©arotene and was
further purified by recrystallisation.
Xanthophyll was determined by a method devised by the
author after corresponding with two authorities In the field
of pigment research.*

The methyl alcohol extracts of

xanthophyll were saved and made to volume and light absorp¬
tion determined as in the case with carotene.

The calibra¬

tion curve for carotene was used to convert these readings
into milligrams of xanthophyll per liter.

This is possible

since the absorption coefficients for xanthophylls are
nearly the same as those for carotene.
All pigment results must be expressed on the basis of
dried plant tissue, since water content of such tissue
varies a great deal.

Therefore, simultaneous with weighing

1. Private correspondence with Drs. C. L. Coraar and
L. A. Moore.
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of duplicate samples fop pigment analysis, duplicate sample*
were weighed for moisture determination.

These were dried

in a steam oven at 60 to 70°C, over night and then placed in
an electric oven at 100°C. for another overnight period.
All results of pigment analyses are expressed in terms
of milligrams of pigment per gram of oven dried tissue.
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EXPERIMENTAL RESULTS
Results of Chlorophyll Analysis on Sample Taken
Early In the Season from North Oorn Acre
Magnesium deficiency is not at once evident early in
the growing season.

New leaves on perennials in the spring

are not often chlorotlo, but become so after a time.
Annuals do not chlorose until they have made some growth.
The reason for this delay is that magnesium is mobile in the
plant and is withdrawn from the older leaves to new regions
of growth.

Apparently this process can oontinue until a

certain magnesium content of the leaf is reached at which
time ehlorophyll synthesis is interfered with.

This criti¬

cal magnesium content is more or less characteristic for
different plants.
Practically no chlorosis was noted on the plants growlng on the magnesium deficient plots until the last of May.
Beginning with June samples were taken of various plants
and at intervals during the month.

Only the chlorophyll

content was determined on these samples.
these analyses are reported on Table 2.

The results of
In this and all

tables to follow only the common name of the plant is used.
Both the common and scientific names of all plants used in
this investigation will be found in the Appendix.
All but one of the plants in Table 2 are perennial.
These plants might be expected to suffer less from magnesium

u

30

defioiency as oompared to annuals sinoe they should have a
more widely distributed and deeper root system and thus be
able to reach more soil, particularly the subsoil, which is
richer in magnesium than surfaoe soil.

Nevertheless, the

group as a whole showed magnesium deficienoy signs even
early in the season.
Table 2.

Plant

Rhubarb

Effect of Magnesium Deficiency on
Chlorophyll of Plant Leaves,
taken in Early Summer, 19471
Sample
Date

June 5

Plot A,
(No Mg)

Plot B,
(Mg)

Plot C.
(Mg+Ga)

Plot D,
(Ca)

mg./gm.

rag*/gnu

mg./gm.

mg./gm.

11.09

12.30

13.03

10.37

7.08

8.44

7.66

—

8.32

5.52

Mock Orange

i

6

Maltese Cross

i

9

Iris

«

9

5.43

5.20

5,82

5.50

Red Maple

it

12

6.56

8.32

7.54

6.31

Pinks

M

13

3.86

8.37

9.91

4.76

Sedum

It

16

7.03

7.72

7.36

8.36

Veronica

II

16

6.59

8.07

7.78

8.32

Coral Bell

s

16

6,22

4.98

5.20

6.19

Bush Honeysuckle

«

27

6.42

——

8,94

6,29

Beans

M

30

2.98

12.08

9,33

6.84

1. for the period 1935-1947 all plots received annual appli¬
cations of 1000 pounds of a 5-8-7 fertilizer. In addi¬
tion plots B and C received annual applications of 150
pounds of MgS04*7HpO per acre and 0 and D 1000 pounds of
magnesium-free limestone per acre.
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i

Among the group only iris, sedum, veronica and coral
bell failed to Increase the chlorophyll content of their
leaves as a result of the annual additions of magnesium sul¬
fate,

Iris and veronica are highly developed plants and, as

will be explained later, such plants do not suffer from mag¬
nesium deficiency as much as those lower in the scale of
plant evolution.

String beans and pinks responded to a

remarkable extent from addition of magnesium sulfate.

These

plants are fairly primitive in the soale of evolution of seed
plants.
It will be noted that where direct comparisons can be
made seven out of nine of the plants had leaves lower in
chlorophyll when grown on the unlimed Magnesium deficient
Plot A as compared to the limed magnesium deficient Plot D.
These results are in agreement with those of other research
workers in that magnesium deflolency is more severe on very
add soils.
The reason for a more severe deficiency of magnesium
in aoid soils ae compared to the more basic ones is probably
due to the faot that hydrogen ions have a very high replac¬
ing power for other ions in the olay complex.
■ ♦ 1

}

i -

The replaced

i

magnesium lone are readily leached from the soil.

At more

basic soil reactions hydrogen ions are far less numerous
and therefore much less magnesium is replaced from the
absorbed state.
Ho consistent differences can be observed between the
leaf chlorophyll content of plants grown on the two magnesium
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treated plots.
sequence.

Here apparently soil reaction Is of no con¬

The amount of magnesium added each year Is

evidently sufficient to take care of any additional leaching
losses that might occur on the unlimed plot.
Plants belonging to the same family may or may not be¬
have in a similar manner to magnesium deficiency.

Per example,

mock orange and coral bell belong to the Saxifragaceae family,
and the former was chlorotic early in the season while no
chlorosis was observed on coral bell.

On the other hand, pinks

and maltese cross bslong to the C&ryophyllaeeae family and
v/ere about equally affsoted.
Results of Analysis for Total Leaf Pigments
on Samples from Worth Com Acre
Taken During July and August
Samples of leaves were taken during the months of July
and August and these were analysed for total chlorophyll,
carotene and xanthophyll.

Since samples were not always

available for the same plant on all four plots the results
are given in separate tables.

Table 3 gives them for the

unllmed plots and Table 4 for the limed plots.

*
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Table 3. Effeet of Magneeium Deficiency on the
Ohloroplaet Pigmente of Plante drown
in the Unlimed Plots1
Chlorophyll
Plant

Plot A
(No Mg)

Plot B
(Kg)

Xanthophyll
Plot A
(No Mg)

mg./gm. mg./gm. mg./gm.

Plot B
(Mg)

Carotene
Plot A
(No Mg)

mg./gm.

Plot 1
(Kg)

mg./gm. mg./gm

Meadow Rue

1.84

6,70

0.31

1.01

0.18

0.34

Apple

5.49

4.54

0,57

0,56

0.89

0.28

Raspberry

6.48

8.10

0.43

0.66

0.17

0.22

Hlbisous

4.19

9,80

0.24

1.20

0.88

0.50

Mock Orange

6.26

8,54

0.89

1.10

0.27

0.42

Petunia

7.43

9.83

0,96

1.27

0.31

0.42

Tobacco

3.40

8.43

0.61

1.04

0.28

0,57

Tomato

2.04

12.20

0,39

1,33

0.30

0.73

Egg Plant

2,47

8.24

0,65

0.94

0.30

0.44

Thunbergia

5,92

6.64

0.81

0.90

0.33

0.37

Oak

8.06

5.46

1,03

0.76

0.38

0,29

Snapdragon

6.81

9.27

0.82

1.14

0.28

0.43

11.93

10.64

1.54

1.44

0.28

0,22

4.68

10.45

0.59

1.23

0.32

0.71

Marigold
Sweet Com

1. See footnote of Table 2 for plot treatments.
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Table 4. Effeot of Magnesium Deficiency on the
Ohloroplaet Pigments of Plante drown
in the Limed Plots!
Chlorophyll
Plant

X&nthophyll

Carotene

Plot D Plot C
(Qa) . (Mg+Ca)

Plot D Plot C
(Qa) . (Mg+Ca)

Plot D
(Oa)

mg./gm. mg./gm.

mg./gm. mg./gm.

mg./gm. mg./gm.

Plot 0
(Mg+Ca)

Raspberry

3.84

7.64

0.23

0.54

0.08

0.24

Apple

4,40

4,55

0,54

0,51

0,27

0,21

Ribisous

4.04

7,10

0.31

1.02

0,26

0,46

Lavatera

6.04

16.42

0,89

2,06

0.34

0.83

Bush Honey¬
suckle

2.77

8.20

0.44

0.96

0.18

0.54

Carrot

3.16

8.45

0.53

1.05

0.23

0.53

Pepper

11.53

12.23

1.30

1.18

0,49

0.44

Petunia

4.28

9.95

0.66

1.16

0.20

0.45

Tobaoco

3.30

8.50

0.50

0.98

0.23

0.50

Tomato

4.42

9.86

0.58

1.02

0.28

0.51

Egg Plant

3.65

7.86

0,60

0.80

0.24

0.41

Oak

5.33

4.57

0,62

0.63

0.28

0.24

Thunbergla

5,95

8.05

0.73

1.03

0,31

0,39

Snapdragon

8.80

9.43

1.20

1.28

0.43

0.45

Marigold

6.77

8.60

0.92

1,24

0.16

0.20

Zinnia

5.36

7.56

0.65

0.87

0,31

0.43

10.51

10,53

1,28

1,12

0,55

0.52

7.51

10.76

0.86

1.25

0.50

0.74

Sunflower
Sweet Corn

• i

1. See footnote of Table 2 for plot treatments*

*
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From an examination of the data in the two tables It is
at once evident that magnesium deficiency markedly reduces
not only the chlorophyll content of those plants which it
affect*, but also the yellow pigments.
The literature survey indicated that there are few data
with which to compare the results presented here.

No one,

so far as the author is aware, has studied the effects of
magnesium deficiency upon the pigments with plants grown in
the field.

Mlohael (26), working in Germany on a much

broader subject, determined all three pigments of bean leaves
from plants grown in sand supplied with nutrient solutions
containing none, a trace, and much magnesium.

His results

agree with those in the present study.
Brown (5) grew Bwiss chard in the green house with
nutrient solution and reported that those solutions lacking
or low in magnesium produced plants low in carotene.

On

the other hand. Holmes and associates (16, 1?) were unable
to find any very consistent differences in the carotene
oontent of Boston head lettuoe and kale when grown on the
same plots used in the present study.
If magnesium hunger lowers the oarotene content of
most plant leaves, and from the results reported in the
preoeding tables there can be little doubt but that it does,
then magnesium becomes a very Important element in vegetable
fertilisers becauss oarotene is known to be the precursor
to the synthesis of vitamin A in the animal body.
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Table 5 was derived from Tables 3 and 4 by subtracting
the various pigment values for the different plants growing
on the magnesium defloient plots from the corresponding
values for the same plants growing on the magnesium treated
plots*

An example should make It clear how these values

were derived*

The last line of Table 3 gives the values of

4,68 and 10*46 which are the milligrams of chlorophyll per
gram of oven-dry leaf tissue for sweet corn leaves when the
plants were grown on the magnesium defloient Plot A and the
magnesium treated Plot B.

By subtracting the former from

the latter the value of 6*6? is obtained which appears in
Table 4 for sweet com under the column headed "unliraed
plots,"

Exaotly the same procedure was followed for sweet

corn grown on the magnesium deficient Plot D and the mag¬
nesium treated Plot C.
Table 5 records the increases in ohlorophyll,
xanthophyll and carotene oontents in the leaves of the ,
various plants which resulted from the magnesium sulfate
treatment when applied with and without lime.

The limed

plots had a pH of nearly neutral, being about 6*5 to 6.8
while the unlimed plots were exceedingly acid, being about
4*3 to 4*4,
In some oases increases in the pigments were greater
when the comparisons were made on the limed plots and in
others Just the reverse was true*
if any trend in this matter*

There seemed to be little

The reasons are probably due

to vary unfavorable growing conditions in the 1947 season
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Table 5, Increase of Leaf Pigments due to Magnesium
Sulfate Treatment on Limed and Unllmed
Merrimao Sandy Loam
Chlorophyll
Plant

Unllmed
Plots

Limed
Plots

rig./gra. ng./gm.
Meadov Rue

4.86

Raspberry

2.62

Lavatera

Xanthophyll
Unllmed
Plots

Limed
Plots

BS./Sn- MR./gm.

Carotene
Unllmed
Plots

Limed
Plots

mg./gm. mg./gm

0.70

——

0.16

mm

3.80

0.23

0.31

0.03

0.80

—

10.38

—

1.17

——

0.49

Bush Honey¬
suckle

--

5.43

—

0.52

Hibiscus

0.31

3.06

0.96

0.71

0,88

0.20

Hook Orange

2.28

--

0.21

—

0.15

—

Carrot

—

5.29

—

0.58

—

0.30

Petunia

2.40

5.67

0.31

0.50

0.11

0.25

Tobacco

5.03

5.80

0.43

0.48

0.89

0.27

10.16

5.48

0.94

0.44

0.43

0.83

Kgg Plant

6.77

4.21

0.30

0.80

0.14

0.17

Thunbergla

0.72

8.10

0.09

0.30

0.04

0.08

Snapdragon

2.46

0.63

0.32

0.08

0.15

0.08

Sweet Corn

6.67

3.25

0.64

0.39

0.39

0*24

Marigold

0.00

1.83

0.00

0.38

0.00

0.05

2.20

—

0.22

—-

0.12

Tomato

Zinnia

0.36
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due to lack of sufficient moisture.

A gravelly ridge ran

diagonally aoross the North Corn Aore and It was occasion¬
ally Impossible to obtain leaf samples from plants that had
not suffered a great deal from lack of moisture during certain
periods of the summer.

The writer had planned to take leaf

samples for the 1948 season from some of these same plants
plus additional ones, but unfortunately for this work the
North Corn Acre plots were destroyed in May 1948 after fiftyseven years of history in order to make room for a campus
building.
To find if a certain gain in chlorophyll was accompan¬
ied by a proportionate gain in xanthophyll or carotene,
correlations were made between Increases in any two of the
three pigments.

A coefficient of correlation of 0.848 was

found between the various gains of ohlorophyll and xantho¬
phyll.

The corresponding values for gains in chlorophyll

and carotene and xanthophyll and carotene were 0.900 and
0.776, respectively.
It is not possible to compare these correlation co¬
efficients with any published results since apparently no
one has made a similar study of the effects of magnesium
deficiency.

As indicated in the section dealing with liter¬

ature review, Oserkowsky (28) obtained a coefficient of
correlation between chlorophyll and total carotinoid pig¬
ments of 0.934 in a study of the effects of iron deficiency
on pear leaves.

From his results it would seem that iron

and magnesium deficiency behave somewhat alike as far as

their effects upon the chloroplaat pigments are concerned.
It is possible that the deficiency of any elements which
affect chlorophyll will also affect the yellow pigments.
Such elements would be iron, magnesium, nitrogen, manganese
and, possibly, potassium.
Figure 2 shows the results obtained when the gain in
chlorophyll content of the various plants, which is given
in Table 5, is plotted against the corresponding gain in
xanthophyll.

It will be noted that in sixteen of the twenty

plants investigated the magnesium sulfate treatment caused
an increase in leaf pigment.

Twenty-five comparisons were

available for plotting since some were made on both limed
and unllmed plots.

Figures 3 and 4 give similar results

for chlorophyll and carotene and xanthophyll and carotene.
The question no doubt will arise in the reader*s mind
as to why there should be a greater correlation between
chlorophyll and carotene than between chlorophyll and xantho¬
phyll.

The reason, of course, is not known but speculations

on possible reasons are interesting.
Carotene is a hydrocarbon of the empirical formula
^40%6*

There are several isomers of carotene, but leaf

carotene is evidently almost entirely beta-carotene.

On the

other hand, xanthophyll is represented in leaves by no less
than twelve isomers of the general formula of C4QHgg0g.
This fact in itself might indicate that one could expect
wore variation among different plants in xanthophyll than
in carotene.

12

Increase of xanthophyll In mg. per gram of dry leaf tissue
Pig. 2. Effect of Magnesium Sulfate on the Amount of
Increase of Chlorophyll and Xanthophyll
in Plant Leaves
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Pig. 3. Effect of Magnesium Sulfate on the Amount of
Increase of Chlorophyll and Carotene
in Plant Leaves

Increase of xanthophyll in mg. per gram of dry leaf tissue

Fig. 4. Effect of Magnesium Sulfate on the Amount of
Increase of Xanthophyll and Carotene
in Plant Leaves
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Other research workers who have Investigated various
phases of pigment relationships in plants have laid consider¬
able stress on certain ratios between the various pigments.
As mentioned previously, Mackinney (27) found that chlorosis
due to iron defioleney caused the ratio of carotene to xanthophyll to be much lower in barley, but that the ratio of
chlorophyll to total earotlnolds fluctuated together.

On

the other hand, the data of Oserkowsky (30) showed that the
ratio of chlorophyll to total earotlnolds was less in chloro¬
tic pear leaves than in non-ohlorotic leaves.
Table 6 gives the average for the various pigment
ratios of all the plants studied.
Table 6. Effect of Deficiency of Magnesium
on the Average Pigment Ratios

Ratios

Magnesium
Deficient
Plots

Magnesium
Treated
Plots

Chlorophyll
Santhophyll

8.26

8.66

Chlorophyll
Carotene

20.60

19.43

Xanthophyll
Carotene

2.58

2.80

Chlorophyll
Carotinolds

6.72

5.86

Since the ratios are practically the same whether they
»

jr

are calculated from samples taken from the magnesium defi¬
cient plots or from the magnesium treated plots, the only
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eonoluftion that can be drawn la that a deficiency of mag¬
nesium does not disturb the proportions of the various pig¬
ments one to another.

In other words, the ratios are the

same in chlorotic and non-chlorotic leaves.

In this respect

magnesium deficiency differs from iron deficiency.
Results of Analysis for Total Pigments
in Leaves of Tomato Plants Treated with the
Alkali Cations
As noted in the literature survey, several of the recent
studies which have been made on magnesium defioienoy have
shown that potassium apparently represses the Intake of mag¬
nesium by the plant.

Soils which are moderately low in

available magnesium oan be made deficient simply by supply¬
ing an abundance of potassium.

Magnesium defioienoy symptoms

have been induced in tomatoes grown in soil containing an
abundance of magnesium by supplying an over-abundance of
potassium.

Leaf samples of apples, tomatoes, potatoes,

currants, gooseberries and tung trees have all shown lower
magnesium content and higher potassium content upon analysis
(5, 11, 31, 33, 34, 35, 36).

Whether potassium represses

the absorption of magnesium by the plant or represses its
movement into the leaf is not known, as all the analyses to
date have bean on leaves rather than on the entire plant.
Ho one has made a study of the influence of other
oatione appearing in the same group in the periodic table
with potassium upon absorption of magnesium by the plant.
With the view in mind of attempting to throw a little
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light on this problem of ion absorption as related to mag¬
nesium, the following greenhouse experiment was performed.
Soil from Plots A and D was brought Into the greenhouse and
mixed by shovelling back and forth on a oeraent floor.

The

purpose behind the idea of mixing the two soils in equal pro¬
portion was to obtain a magnesium deficient soil with a
favorable soil reaction for plant growth.
4.2 and B of 6.5 when taken from the field.

Soil A had a pH of
The mixed soil

had a pH of 5.6.
The mixed soil was plaoed in twenty-eight one-gallon
pots and given the following treatments in quadruplicate:
(1) 75 ppm. Mg, (2) 50 ppm. Li, (3) 300 ppm. Ha, (4) 300 ppm.

t, (5) 125 ppm. Rb, (6) 126 ppm. Os, (7) Check - nothing
added.
Two tomato plants which had previously been started in
the same soil were transplanted into each pot.

All pots

were given an initial treatment of ammonium nitrate in solu¬
tion in order not to have a deficiency of nitrogen.

Since

the soil had been fertilized in the field each year with a
mixed fertilizer having a grade approximately equal to a
5-8-7, and alnoe potassium and phosphorus are not so readily
leaohed from the soil as nitrogen, no potassium or phosphorus
were given, except, of course, the potassium to the pots in
treatment No. 4.
Tomato seeds were planted December 2, 1947, the plants
were transplanted into the pots January 2, 1948 and the
plants were harvested about the first of Maroh.

Thus the
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cultural period lasted about three months during which the
plants grew very well considering that part of the period was
rather unfavorable due to short days.
The total amount of the alkali cations was not given
all at once.

One-third was supplied the first week after

transplanting, one-third the second week, and the remainder
the third week.

This was done to prevent exceeding the toxic

limits of any of the oations used.

However, in spite of this

precaution, lithium toxicity symptoms developed a few days
softer the last increment of treatment was added.

The edges

of the lower leaves died by drying as though this part of
the leaf had been placed in a stream of warm, dry air.

The

dead part remained a bright green, but would crumble easily
if touched.

This dying process spread from the edges toward

the midrib and finally the entire leaf was affected, and it
gradually spread from lower leaves to those higher up until
it had reached about half way up to the terminal growth by
the time the plants were harvested.

Moisture determinations

showed that the unaffected top leaves were about ten per oent
lower in moisture than corresponding leaves on plants in the
other treatments.

Since the lithium treated plants made

only about one-half the growth, ae measured by dry weight,
as compared to the other plants, and since the lower leaves
were destroyed from whioh samples for pigment analysis are
normally taken, they were discarded.
Before the plants from the other treatments were har¬
vested, all the lower leaves were removed from the lower-most
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five branches and these served as samples for pigment analysis.
Rone of the lower leaves were chlorotic on those plants to
which magnesium was added, but all the others were, and from
observation It appeared that those plants receiving potassium
and rubidium were more chlorotic than either the check treat¬
ment or the sodium and caesium treatments*

Only slight

amount of chlorosis was noted on eodlum treated plants*

A

visual comparison of the plants may be obtained by examining
the colored photographs in the Appendix (see Plates 1, 2 and
3)*
In Table 7 are recorded the results of the pigment analy¬
ses and the amount of magnesium absorbed*

The absorbed mag¬

nesium was obtained by multiplying the dry weight of the
aerial portion by the amount of magnesium it contained as
determined by chemical analysis, using the 6-hydroxyquinolate
method.

There were no significant differences in the dry

weight of the plants due to treatment, nor in the amount of
magnesium absorbed, except that the magnesium treated plants
absorbed slgnifloantly more than those not receiving
magnesium.
It is interesting to note that the plants which received
sodium were not significantly lower in any of the pigments
as compared to those which received magnesium*

The amount

of magnesium absorbed was greater, but not significantly
greater, than treatments involving other alkali cations.
Pigment concentrations in the lower leaves of plants
which received potassium, rubidium and caesium were all
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Table 7, Effect of Certain Alkali Cations on
Pigment Content of the Lower Leaves of Tomatoes
and their Influence on Magnesium Absorption
when Crown in Magnesium Deficient Soil
Treatments

Chlorophyii (i)

Xanthophyll (2)

Carotene
(3)

mgf/gm.

mg./gm.

mg./gm.

76 ppm. Mg.

8.64

1.06

0.43

0.1579

300 ppm. Ma

8.16

1.03

0.42

0.0489

300 ppm. t

6.55

0.93

0.37

0.0436

126 ppm. Rb

8.80

0.78

0.31

0.0436

125 ppm, Cs

6.64

0.66

0.36

0.0431

Check

6.99

0.88

0.36

0.0430

Magnesium
Absorbed (4)
gm.

(1) Differences significant to
point; least significant
difference is 1.32 milligrams per gram.
(2) Differences significant to 1$ point; least significant
difference is 0.12 milligrams per gram.
(3) Differences significant to ljf point; least significant
difference is 0.05 milligrams per gram.
(4) Differences significant to 1% point; least significant
difference le 0.0420 grains.
significantly lower than those whloh received magnesium and
sodium, but not significantly different from the check treat¬
ment.

It muet be concluded, therefore, in the oase of these

cations under the conditions of this experiment that they
had no effect upon pigment concentrations In the lower
leaves of the tomato plants, nor on the absorption of mag¬
nesium by ths aerial portions of the plants.

It appears

that the differences are due to magnesium deficiency alone
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and would have appeared as great had these cations not "been
added*
In view of the many recent reports to the effect that
potassium decreases the absorption of magnesium by plants,
it seems strange that the potassium treatment in this experi¬
ment did not repress absorption of magnesium by tomatoes and
greatly Increase chlorosis.

There is a possibility that

different results would have been obtained had a soil been
used that contained at least a moderate amount of magnesium.
The soil used in this experiment was extremely deficient in
magnesium, as is indicated by the fact that addition of
magnesium increased the magnesium content of the tomato
plants nearly 300 per cent.
Order of Plant Development in Relation
to Degree of Chlorosis
By studying the flowering structures of seed plants
botanists have shown that present day plants are related to
each other, some having been evolved from others.

It is

believed that all seed plants have had common ancestors.
Seed plants apparently arose during Jurassic times, although
there were flowering fern-like forms before that time.
A comparison of fossil remains of early seed plants
with present day plants reveals that some of our present
plants have not evolved to any great extent, their flowering
structures remaining similar to the early forms.

On the

i

other hand, many have evolved new and more efficient struc¬
tures.

The latter group are said to have reached a high
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level of evolution.
Grouping or arranging the various plant families and
ordera Into so-called "family trees11 which are supposed to
show In a dlagramatlc fashion which families have evolved
one from another has oocupled the time of many botanists*
For this type of study the flower Is usually used since It
Is the one structure In whloh variation among Individuals
of the same family Is small.

Leaf and stem structures vary

a great deal even among Individuals of the same specie.
Serum and pollen studies have also been used as a basis for
phylogentie classifications.

These studies have in general

agreed with taxonomic studies.
The §otual points used for basis of classification have
been fairly well agreed upon by botanistsf but the aotual
classifications as given by different workers naturally
differ somewhat.

In this study Pools (29) modification of

Bessey's arrangement will be used.
As was noted In the survey of literature dealing with
the effects of magnesium deficiency on different plants,
Elsenmenger and Kuclnskl (12) have observed that plants be¬
longing to low orders of development are generally more
chlorotic than those of higher order#

This was interpreted

as meaning that the low plants need magnesium more than the
high ones#
It might be thought that the difference of chlorophyll
concentration In the leaves of two plants of the same specie,
one suffering from magnesium deficiency and one supplied with
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magnesium, should be a measure of the degree that that plant
suffers from magnesium deficiency.

This cannot be entirely

true because it has been shown that magnesium deficiency
affects the rate of photosynthesis and thus the rate of
growth long before it causes a reduction in chlorophyll con¬
centration of the foliage.

When it is realized that only

about ten per cent of the total magnesium in the plant la
contained in the chlorophyll it becomes dear that magnesium
plays other roles in nutrition and growth besides synthesis
of this pigment.
In Table 8 all the plants grown in the North Corn Acre
from which leaf samples were obtained are arranged in order
from those of low to high development.

Percentage gains of

ohlorophyll in the leaves resulting from the addition of
magnesium sulfate to limed and unlimed plots are given.
Table 8. Increase of Leaf Ohlorophyll in the Plants
When Arranged According to Order of Development
Plant

Family

Gain of Chlorophyll over
oontrol on —
Unlimed
Limed
Plots
Plots
per' cent
264.1

per cent
—

Meadow Rue

Ranunoulaceae

Raspberry

Rosaoeae

47.8

99,0

Apple

Rosaoeae

0.0

0.0

Hibiscus

Malvaceae

126.7

75.7

Lavatera

Malvaceae

—

Bean

Legumlnosae

304.4

171.9
36.6
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Table 8. Inorease of Leaf Chlorophyll In the Plante
When Arranged According to Order of Development (Qonft.)
Cain of Chlorophyll over
Plant
Family
control on —
Unlimed
Limed
1
j
Plots
Plots
per cent
per cent
Hook Orange
Saxlfragaoeae
36,4
—Sedum

Crassulaoeae

9,8

0.0

•Coral Bell

Saxlfragaoeae

0,0

0.0

♦Pinks

Caryophyllaoe ae

116.8

108.2

•Maltese Cross

Caryophyllaeeae

—

50.7

•Rhubarb

Polygonaceae

11,5

25.7

•Red maple

Aceraoeae

27.0

19.5

Carrot

Umbelllferae

—r

167,4

Petunia

Solonaceae

32.3

132.5

Tomato

Solonaoeae

498.0

122.6

Tobaooo

Solonaoeae

147.9

157.6

Egg Plant

Solonaoeae

233.6

115.3

Pepper

Solonaceae

—

♦Iris

Zrldaoeae

•Bush honey¬
suckle
Oak

Caprlfoliaceae

0.0

—T

6.1
0.0

42.1

0.0

0.0

Acanthaceae

12,2

35.3

Scrouphlariaceae

22.5

0.0

Snapdragon

Scrouphlarlaceae

36.1

7.2

Sunflower

Compositae

—

1.0

Zinnia

Composltae

—-

41.0

Marigolds

Coaposltae

Sweet Com

Cramineae

Thunbergla
•Veronica

Fagaoeae

♦Calculated from Tabled

0.0

27.0

142.5

43.2
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The pereentage gain of chlorophyll for the plants when
arranged In ascending order of dexrelopment shows a great
deal of variation, even between comparisons on limed and un¬
limed plots for the same plant.
1947 season was unusually dry.

As stated previously, the
Only 6.26 inches of rain was

recorded by the Offlolal Weather Station of the Massachusetts
Agricultural Experiment Station for the months of July,
August and September as compared to the normal of 12.42 inches.
Some of the plants on the magnesium deficient limed plot
(Plot D) suffered a great deal for laok of moisture.

This

was particularly true for zinnias, marigolds, and petunias.
For the purpose of comparison of the behavior of the
plant families in Table 8 to magnesium deficiency, the low
group was considered as being from Ranunoulaoeae through
Leguminosae, the intermediate group from Saxlfragaoeae
through Solonaoeae, and all the rest were considered high.
The average gain in leaf chlorophyll for the low group
was 112.3 per cent.

Apple in this group did not show any

chlorosis during the season.

Evidently the degree of mag¬

nesium deficiency in these plots was not sufficiently great
to bring about chlorosis in this plant.
The average gain in leaf chlorophyll for the inter¬
mediate group was 91.3 per cent.

The Solonaoeae family,

which was lnoluded in this group, while being rather highly
developed, behaved more like a lowly developed plant.

It

was unfortunate that so many representatives of this family
were lnoluded in the samples taken.
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Th« average gain for the high group wae 24.1 per cent.
Thus it would appear that ae we ascend the scale of evolution
for eeed plants the degree of chlorosis becomes less and less.
If plants of low development suffer more from magnesium
deficiency than those of high development, it would seem
reasonable to expect that those of low development would
make a greater gain of chlorophyll with the addition of
magnesium.

The data recorded in Table 8 would seem to indi¬

cate that this assumption is oorreot, although there were
a number of exceptions.

It seems reasonable to assume that

if a very large number of plants of different orders were
grown under conditions of magnesium deficiency and mag¬
nesium sufficiency, the amount of chlorophyll synthesized
would follow a general pattern.

With the inorease of mag¬

nesium the plants of the lower orders would in general show
the greatest percentage gain; the intermediate orders, a
medium percentage gain; those of the highest orders, the
least percentage gain.
It should be emphasised that throughout this report
the term "gain of chlorophyll" is used advisedly in the
sense that we are dealing with the comparison of individuals
of the same species under the two conditions of soil mag¬
nesium supply.

A plant that has become chlorotic can make

no gain of ehlorophyll with the addition of magnesium.
This is one respect in whioh chlorosis due to magnesium
deficiency differs markedly from chlorosis due to nitrogen,
iron, or manganese deficiency.

When once the chlorophyll in
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a given leaf has been destroyed by lack of magnesium, it
cannot be restored by adding soluble magnesium compounds to
the roots of the plant or as a spray to the leaf surface.
The physiological reason for this is not known.
Since the field plots from which the data in Table 8
was obtained were destroyed, it was impossible to further
check any of the plants or to add new ones to the list.

In

an attempt to gain further Information on the relation of
magnesium deficiency to order of plant development a green¬
house experiment was performed.
Soil from Plot A was used to fill forty-two threegallon pots.

These were all given a treatment of chemically

pure calcium oxide in amount equivalent to a field applica¬
tion of 1300 pounds per acre of limestone.

In addition,

one-half of the pots were treated with MgS04.7Hg0 in amount
equivalent to a field application of 225 pounds per acre,
or 22.2 pounds of magnesium per acre.
Velvet leaf, mustard and string beans, whioh are
respectively members of the Malvaceae, Cruclferae and Leguminosae families, were selected as representatives of the
lowly developed group.

The intermediate group was represent¬

ed by buckwheat, a Polygonaceae, and spinach, a Chenopodiaceae.
Two Composites, ragweed and aster, were used for the high
group.
The various plants and two soil treatments, one with
magnesium and one without, were replioated at random three
times.

Nitrogen was supplied in the form of ammonium nitrate,

56

but no additional phosphorus or potassium was added since the
field plots had received eighty and seventy pounds per aore
of the elements annually.

The pots were planted May 13 and

the various plants were harvested when they had reaohed the
blooming stage, except In the case of the velvet leaf plants,
which were harvested In a pre-blooming stage, since it be¬
came evident that the magnesium deficient plants would not
reaoh the blooming stage without losing too many leaves.
It was noted that the magnesium-treated series of buck¬
wheat, beans, mustard and spinach reaohed the blooming stage
before the corresponding magnesium-deficient plants.

It is

probable that the capaolty of magnesium to act as a carrier
of phosphorus was responsible for this effect.

Hastening

of maturity is a well-known function of phosphorus.
Buokwheat reached the blooming stage of growth first,
and was olosely followed by the string beans and spinach.
Before these plants were harvested the entire lot of plants
I
was photographed, using 35 mm. color-sensitive film.
Reproductions in color of these pictures may be found in the
Appendix (See Plates 4 to 10, inclusive).
Table 9 gives the dry weight of the plants for the two
soil treatments and the percentage increase in dry weight
whloh resulted from the use of magnesium sulfate.

Velvet

leaf and spinach were most severely affected and mustard
the least.

There was little if any relation between the

percentage increase in dry weight, or yield, and order of
plant development.
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Table 9.

Influence of Magnesium Sulfate on Dry Weight of
Plante of Different Order of Development drown
In Magnesium-Deficient Merrlmac Sandy Loam

Plants

Plants
per
pot

Low Order;
Velvet Leaf

Dry Weight (1)
Mo
Mg.
mg.

Mg.
Added
mg.

•

•

Per cent
Increase

.

6

5,91

13.27

124.5

10

17,00

17.29

1.7

4

10.91

13.97

26.0

Buckwheat

8

19.88

26.83

34.9

Spinach

8

2.29

5.04

120.1

Ragweed

3

21.47

31.15

45.1

Aster

3

10.65

14.70

38.0

Mustard
Beans
Intermediate
Orders

High Order:

(l) Least significant differenoe between mean dry weights
le 2.56 grams.
In Table 10 the chlorophyll content of the leaves of
the various plants and the location on the plant at which
the samples were taken are recorded.

The percentage in¬

crease in chlorophyll which resulted from the use of mag¬
nesium sulfate is also given.
Evidently the differenoe in the chlorophyll content of
plant leaves is a better indicator of the need of magnesium
than the differenoe in dry weight.
many precautions should be taken.

Even with chlorophyll
The sample must be taken
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Table 10. Influence of Magnesium Sulfate on Chlorophyll
Content of Leaves of Plants of Different Order
of Development Grown in Magnesium-Deficient
Merrimac Sandy Loam
Plants

Leaf
Position

Chlorophyll (1)
No
Mg.
mg./gm.

Low Order;

Per oent
Increase

Mg.
Added
mg./gm.
4

-‘if

Velvet Leaf

Top

8.23

15.08

83.2

Mustard

Bottom

3.67

14.14

285.3

Beans

Middle

8.19

13.74

67.8

Bottom

4.26

9.95

133.5

Middle

13.52

13.14

0.0

Ragweed

Bottom

11.56

12.62

9.1

Aster

Bottom

11.63

10.88

0.0

Intermediate
Order;
Buokwheat
Spinach

;

■ ■

£

High Order:

(1) Least signifio&nt difference between the means is 1.11
milligrams per gram of dry weight.
at the correct stage of growth and at the same looatlon on
the plant.

Also plants which behave normally toward mag¬

nesium deficiency should be used in making the comparisons.
The term normal behavior means the gradual fading of chloro¬
phyll between the veins on the lower leaves and the spread¬
ing of this condition to higher locations on the plant.
Spinach is an example of a plant that does not behave nor¬
mally.

n■

In this experiment it was the first one to show
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symptoms of deficiency.

White neorotlo areas developed on

the cotyledons and on some of the first true leaves, which
soon died.

Later leaves appeared normal but the plants made

very slow growth.

The magnesium-defiolent plants had just

as much chlorophyll in their leaves as the magnesium-treated
ones.

Thus in spinach, plant yield would be a better

criterion for judging the degree of magnesium deficiency
than chlorophyll concentration.
Since magnesium deficiency affects the lower leaves
first, it is possible to find on the same plant all grada¬
tions from severely ohlorotlc to normal leaves.

It is evi¬

dent from this fact that looation on the plant at which
samples of the leaves are taken is of prime importance when
different plants are to be oompared.

In this experiment

velvet leaf and bean plants dropped their lower leaves as
soon as most of the chlorophyll was gone.

In velvet leaves

only three or four top leaves remained on the magnesiumdeficient plants by the time they were harvested, which was
about two weeks after the photographs were taken.

Had it

been possible to use bottom leaves in these plants the per¬
centage gain of ohlorophyll would have been several times
that given in Table 10.
In order to determine if the plants of low development,
as a group, could be expected to make a greater gain in mag¬
nesium from supplying ample amounts to the soil, the
records of analyses of plants grown on the North Corn Acre
were examined.

Table 11 is a selection from some of the data

which were available.
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Table 11. Magnesium Content of Leaves of Plants Crown
on Magneslum-Defioient and Magnesium-Treated
Plots and Arranged According to
Order of Development (1)
Plot A 'TTofB
Plant

Tear

Per cent

Family
No Hr.
Increase
Mg.
per oent/per cent

Low Order:
Rose

1946

0*15

0.20

33.3

Raspberry

1946

N

0,14

0,22

57,1

Apple

1943

N

0.15

0.32

113.3

Peach

1943

M

0.23

0.32

39.1

Kale

1938

0.12

0.26

108.3

Broccoli

1938

N

0.09

0,28

211,1

Radish

1938

N

0.30

0.63

76.6

Meadow Rue

1946

Ranunculaoeae

0.13

0.21

61.5

Mallow

1945

Malvaoeae

0.12

0.49

308.3

Elm

1946

Ulmaceae

0.20

0.34

70.0

Larch

1946

Conlfer&e

0.09

0.13

44.4

Cleome

1945

Oapp&rldaceae

0.22

0.36

63.6

Buokwheat

1944

Polygonaoeae

0,35

0.81

131.4

Dock

1944

n

0.42

0.69

64.3

Globe
Amaranth

1944 . Amarantaeeae

0.26

0,57

119.2

Cockscomb

1944

0.69

0,84

42.4

Tobacco

1944

0.53

0,95

79.2

Potato

1936

0.15

0.18

20,0

Blueberry

1946

0.15

0.17

13.3

Rosaceae

Cruciferae

Intermediate
Order:

h

■

m

Solonaceae
tt
Ericaceae
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Table 11. Magnesium Content of Leaves of Plants Crown
on Magnesium-Deficient and Magnesium-Treated
Plot8 and Arranged According to
Order of Development (1) - (Cont’d.)
Plant

Year

Family

—FIoFT" Plot B

Per cent

No Ur. MgIncrease
per cent/per oent
High Order:
Aster

1942

Cosmos

1944

Calendula

1944

Sunflower

*41

0.46

12.2

*27

0.26

0.0

N

0.23

0.27

17.4

1940

II

0.36

0.49

36.1

Calllopsls

1944

II

0.16

0.13

0.0

Love grass

1944

0.13

0.14

7.7

Sweet Corn

1940

■

0.24

0.28

16.6

Popcorn

1940

«

0.23

0.26

21.7

Composltae
■

Cramlneae

(1) The data In this table was taken from unpublished analy¬
ses on file In the Agronomy Department of the Massachu¬
setts Agricultural Experiment Station.
The average percentage gain In magnesium for the low
group wac 98.9 per oent.

This can be compared to 67.1 per

oent for the Intermediate group and 14.0 per cent for the
high group.
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DISCUSSION OF RESULTS
The results of the pigment analysis of ehlorotle and
non-chlorotic leaves of plants grown in the field on mag¬
nesium- deficient soil and treated with 150 pounds of mag¬
nesium sulfate per acre annually indicate that ohlorophyll,
xanthophyll and carotene oonoentration in the leaves is
reduced under conditions of magnesium deficiency.
The extent of loss of the three pigments varies with
different plants when grown under the same condition of
deficiency.

Seed plants of low order of development lose

more pigments than do plants of high order of development.
The amounts of chlorophyll, xanthophyll and carotene
lost as a result of magnesium deficiency are proportional
to one another.

This conclusion follows from the high co¬

efficients of correlation obtained between the gains of
any two of them as a result of correcting the deficiency.
It is further substantiated by the more or less constant
ratio of the three pigments in chlorotic and non-chlorotic
leaves.

It Is known that the three pigments, possibly

along with others, are located in the chloroplasts of
leaves.

It would seem from these results that they are not

only looated together, but are associated by some chemical
or physical means.

Xf this is not the case it would be

difficult to explain why a deficiency of magnesium could
affect xanthophyll and carotene, since neither contain this
element as an Integral part of their molecules.

There is
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the possibility that loss of ohlorophyll has an indlreot
effect on the carotinold pigments and other leaf constituents.
Michael (24) advanced the theory that magnesium deficiency
upsets the protein-carbohydrate ratio in the leaf and the
lose of xanthophyll and oarotene was a result of this dis¬
turbance.

The explanation of the relation between the green

and yellow pigments and their behavior to mineral deficien¬
cies must wait until more is known concerning their functions
in the economy of the plant.
The lack of a depressing effeot of potassium on the
Intake of magnesium in the experiment dealing with the
alkali cations Is at variance with the results obtained by
others.

After the results of the chemical analysis for mag¬

nesium were completed the reason for the failure of any
influence became dear.

This particular soil was so low in

magnesium that apparently there was not enough present to
be affected.

It was unfortunate that time did not permit

repeating the experiment with a soil containing more mag¬
nesium.
It will be remembefed that in this experiment the
sodium treatment prevented to a certain degree the loss of
pigments as oompared with the check treatment.

This might

have been accomplished by replacing magnesium in some of
its functions, exclusive of ohlorophyll synthesis, or by
aiding in the Intake of magnesium to a very small, yet
sufficient, degree to increase pigment synthesis above that
in the check plants.

a.

The sodium-treated plants were slightly

64

higher in magnesium.
Eisenmenger and Kuoinski (12) advanced the theory that
primitive plants may have had to deal with more magnesium
in proportion to oaleium than plants of today.

This was

based on some results which they oited which showed that mag¬
nesium in dolomite dissolves and is removed more rapidly than
calcium.

Thus it was oonoluded that the first soils were

higher in magnesium than present day soils.
Another theory whioh may account for the behavior of
plants of different order of development with respeot to
magnesium deficiency, or any factor contributing to adverse
growing conditions, is that the highly developed plants are
the ones now developing new forms as a result of competition.
They are naturally husky plants and are able to survive
under adverse conditions.

The low plants are now declining

and in time will beoowe extinct.
plant8.

They are naturally weak
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SUMMARY
1.

Plant leave8 were collected from thirty different plants

grown on four field plots which had been treated for thirteen
years as follows: one was left as a check; to a second, 150
pounds per aore of magnesium sulfate was added; to a third,
the same amount of magnesium was added and in addition 1000
pounds per aore of non-dolomitie limestone; and to the fourth
1000 pounds per acre of limestone but no magnesium.

All four

plots received annual applications of a oomplete fertilizer
free of magnesium.

The soil is a sandy loam type whioh

belongs to the Merrimao series.
2.

Chlorophyll, xanthophyll and oarotene contents of the

leaf samples were determined.

Methods approved by the

Association of Offloial Agricultural Chemists were used for
ohlorophyll and oarotene, and a modification of the latter
was made to lnolude xanthophyll.
3.

Results indioate that a deficiency of magnesium in the

soil causes a loss of chlorophyll, xanthophyll and carotene
in the lower leaves of some plants and not in others.
4.

Plants which suffered the greatest loss of pigments are

those seed plants which belong to low order of development
from an evolutionary standpoint.

Plants of high order of

development either did not beoome chlorotic or reacted only
to a minor extent under the conditions of magnesium deficiency
which existed in these plots.

8.

The leaves of fifteen out of twenty plants for whioh

chlorophyll, xanthophyll and oarotene determinations were
made were higher in these pigments when grown on plots
treated with magnesium sulfate as compared with check plots.
6.

A positive coefficient of correlation of 0.848 was found

relating the gain of chlorophyll to the gain of xanthophyll
for the fifteen plants for which a total of twenty-five com¬
parisons was made on both unllmed and limed plots.

The

correlation coefficient for chlorophyll and oarotene was
higher, being 0*900.

That for xanthophyll and carotene was

lowest of all, being 0.776.
7.

Lime had no consistent effect on the degree of ohlorosls

suffered by any of the plants tested.
8.

Greenhouse experiments indicated that ohlorophyll con¬

centration in the lower leaves of plants is a better single
criterion for Judging the degree to whioh most plants need
magnesium than the dry weight.
9.

Rubidium, cesium and potassium failed to influence the

pigment concentration in the lower leaves of tomatoes or
the intake of magnesium when grown in soil very low in
available magnesium.

Sodium had a beneficial effect in

preventing ohlorosls and lithium proved toxlo in the con¬
centration used (30 ppm.).

6?
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APPENDIX

Common Name

Family Name

Scientific Vame

Appl«

Rosaosae

Maius sylveatris

▲•ter

Composltae

Aster spp.

Bean

Legumlnosas

Phraseolus vulgaris

Buckwheat

Polygonaoeae

Fagopyrum esoulentum

Bueh honey•uokle

Caprlfollaoeas

Lonloera spp.

Carrot

Umbelllferae

Daueus o&rota

Coral hell

Saxlfragaceae

Rueohera sangulnea

Egg plant

Solonaoeae

Solanum melongena

Hlbiaoui

Malwaoeae

Hibiscus syrlaous

Xrla

Zrldaosae

Iris spp.

Lavatera

Malwaoeae

Lavatera trlmestris

Maltese cross

Caryophyllaceae

Lychnis ohaloedonioa

Marigold

Composltae

Tagetee patula

Meadow rue

Ranunoulaoeae

Thallotrum aqulleglfollum

Mock orange

Saxlfragaoeae

Phllad.lphu. ooronarlu.

Mustard

Cruolferae

Brasslca Junoea

Pepper

Solonaoeae

Capsicum frutesoens

Petunia

Solonaoeae

Petunia hybrlda

Pinks

Caryophyllaceae

Planthus spp.

Ragweed

Composltae

Ambrosia artemlsiifolia

Raspberry

Rosaoeae

Rubus idaeus

Red oak

Fagaoeae

Quoreus borealis
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Table 1.

Common, Family and Solantlflo Names of Plants Used
(oon*t.)

Common Rams

Family Name

Scientific Name
■
\

Red maple

Aeeraeeae

Rhubarb

Polygonaoeae

Stdum

Crassulaoeae

Spinaoh

Chenopodlaoeae

Snapdragon

Aeer rubrum
Rheum rhapontioum
•
*
/
i. i,
Sedum telephium

i

,

3 crophulariaoeae
i

Spinaola oleraoea
,
’• • i »
Antirrhinum majus
*i

»

i

i

,

i

<

Sunflower

Composites

Hellenthue annuus

Sweet corn

Cramlneae

Zea mays, war. rugose

Thunbergla

Acanthaceae

Thunbergla alata

Tobacco

Solonaoeae

Nlootlanna tobacum

Tomato

Solonaoeae

Lyoopersloon esoulentum

Ferret leaf

Malvaceae

Abutllon Avloennae

Veronloa

Sorophulariaoeae

Yeronloa subsessilis

Zinnia

Composites

Zinnia ellgans
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Plate 1

Tomato Plante Grown In Magnesium Deficient Soil:
A was treated with 75 ppm. magnesium,
B with 30 ppm. lithium and
0 with 300 ppm. sodium

Plate

Tomato Plants Grown in Magnesium Defloient Soil:
A was treated with 75 ppm. magnesium,
D with 300 ppm. potassium and
£ with 126 ppm. rubidium

2

u
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Platt 3.

tomato Plant! Grown in Magnesium Deficient Soil:
A was treated with 75 ppm. magnesium,
P with 125 ppm. cesium and
£ was left untreated

Plate 4.

Telwet Leaf Grown in Magnesium Deficient Soil:
A was untreated and B treated
with 11.1 ppm. magnesium

Plate 5.

Plate ft.

Buckwheat Grown In Magnesium Deficient Soils
A was untreated and B treated
with 11.1 ppm, magnesium

Beans Grown in Magnesium Deficient Soils
A was untreated and B treated
with 11,1 ppm. magnesium

Plate 7.

Spinach Grown in Magnesium Deficient Soils
A was untreated and B treated
with 11.1 ppm. magnesium

Plate 8.

Mustard Grown in Magnesium Deficient Soils
A was untreated and B treated
with 11.1 ppm. magnesium

Plat#

Plate 10*

Ragweeds drown in Magnesium Deficient Soil:
A was untreated and fi treated
with 11*1 ppm. magnesium

Asters drown in Magnesium Deficient Soil:
A was untreated and B treated
with 11.1 ppm. magnesium
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